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(.E)-l,3-Dialkyl-7-methyl-8-(3,4,5-trimethoxy-
styryl)xanthines: Potent and Selective Adenosine 
A2 Antagonists 

Adenosine receptors are localized virtually in all tissues, 
and modulate a wide range of physiological functions.1 

Adenosine receptors are divided into two major subtypes, 
designated as Ax and A2. The two receptor subtypes can 
be distinguished by the structure-activity relationships of 
adenosine agonists and have opposite effects on adenylate 
cyclase.2,3 

The methylxanthines theophylline (1, Figure 1) and 
caffeine (2) exhibit a variety of pharmacological actions 
primarily through blockade of adenosine receptors.4 

However, they are virtually nonselective antagonists and 
have weak affinity for Ax and A2 receptors. Efforts to 
develop more potent and highly selective antagonists5-17 
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have focused on the modification at the 1-, 3-, 7-, and 
8-position of xanthines. Introduction of the propyl group 
to the 1- and 3-position increases the affinity at A2 and A2 
receptors.7-10 The discovery8'10-15 that cycloalkyl substit­
uents at the 8-position markedly enhanced the affinity at 
the Ai receptor have resulted in potent and selective Ax 
antagonists such as 8-cyclopentyl-l,3-dipropylxanthine 
(4)16 and l,3-dipropyl-8-(3-noradamantyl)xanthine (5).r7b'c 
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Table I. Aj and A2 Adenosine Receptor Binding of 8-Substituted-l,3-dipropylxanthines 

6>« D ^ N 
I 
C3H7 

no. R7 R8 

A j " 

A, 
560 
^ . s ) 6 

1300 
1800 ± 750 
720 ± 340 
>100000 
>10000 
870 
3500 
320 
1300 
8100 ± 2200 
(2300)° 
23000 ± 330 
(13000)° 
(8470)* 
100000 ±2000 
(44000)* 
(29100)* 
1200 ± 120 
(450)* 
6.4 ± 0.35 
(0.23)6 

(0.9)° 
(0.46)* 
1.3 ± 0.12 
140 
(13.9)' 
11 
(1.2V 

HM 

A2 

6200 
(593)° 
2200 
26 ± 4.5 
15 ± 5.9 
>10000 
>10000 
1600 
1800 
6000 
>10000 
>100000 
(220)/ 
16000 ± 2200 
(14000)/ 
(25300)'' 
27000 ± 1700 
(30000)' 
(48100)" 
2400 ± 420 
(5160)'" 
590 ± 48 
(230)c 

(140)/ 
(410)" 
380 ± 30 
26 
(15.5)'1 

21 
(63)h 

K{ ratio 
A,/A, 
0.090 

0.59 
69 
48 

0.54 
1.9 
0.053 

0.26 

1.4 

3.7 

0.5 

0.011 

0.0034 
5.4 

0.52 

8 

9 
10 
11 
12 
13 
14 
15 
16 
17 
18d 

1 

H 

methyl 
H 
methyl 
H 
methyl 
H 
methyl 
H 
methyl 
methyl 

2-phenylethyl 

2-phenylethyl 
(£)-styryl 
(£)-styryl 
(E)-a-methylstyryl 
CE)-a-methylstyryl 
(E)-cinnamyl 
(£)-cinnamyl 
2-cyclopentylethyl 
2-cyclopentylethyl 
cyclopentyl 

(theophylline) 

(caffeine) 

(1,3-dipropylxanthine) 

(8-cyclopentyl-l,3-dipropybian thine) 

(l,3-dipropyl-8-(3-noradamantyl)xanthine) 
(PD-115199) 

(XAC) 

"A! binding was carried out with iV8-[3H]cyclohexyladenosine in guinea pig forebrain membranes as described,18 and A2 binding was 
carried out with iV-[3H]ethyladenosin-5'-uronamide in the presence of 50 nM cyclopentyladenosine in rat striatal membranes.8 Concentra­
tion-inhibition curves were carried out in duplicate with five or more concentrations of each test agent, and IC50 values were calculated from 
computerization of logit log curve. ICJO values were converted to Kx values as described.20 When the assays were carried out three or more 
times, standard errors (SEM) are given in the table. Xanthines were dissolved in aqueous dimethyl sulfoxide and the final concentration of 
dimethyl sulfoxide in the assay was less than 0.9%.17c 6A1 binding measured as inhibition of iV6-[3H]cyclohexyladenosine to rat cortical 
membranes.1" °A2 binding measured as inhibition of iV-[3H]ethyladenosin-5'-uronamide to rat striatal membranes.15*1 ''H: calcd, 8.23; 
found, 8.87. 'k-t binding measured as inhibition of (R)-JV*-([3H]phenylisopropyl)adenosine to rat cortical membranes.130 fKB values for 
inhibition of adenylate cyclase stimulation by Af-[3H]ethyladenosin-5'-uronamide in human platelet membranes.130 *At binding measured as 
inhbition of [3H]-Ns-cyclohexyladenosine to whole brain membranes.8,16* *A2 binding measured as inhibition of iV-[3H]ethyladenosin-5'-
uronamide to rat striatal membranes.8,14,150 ' Aj binding measured as inhibition of [3H]-N6-cyclohexyladenosine to rat cortical membranes.14 

;Ai binding measured as inhibition of [3H]-(/J)-iV8-(phenylisopropyl)adenosine to rat cortical membranes.150 

Although selective Aj antagonists have been found, no 
antagonist with high selectivity toward the A2 receptor has 
been forthcoming. Some caffeine derivatives13 such as 
3,7-dimethyl-l-propargylxanthine or l,3-dipropyl-7-
methylxanthine have been reported to possess a moderate 
degree of A2 selectivity. Surprisingly, 8-cycloalkyl sub-
stituents (cyclopentyl and cyclohexyl) increase the affinity 
of caffeine and l,3-dipropyl-7-methylxanthine at the A2 
receptor.130 Introduction of some para-substituted phenyl 
groups such as 4-[[2-(dimethylamino)ethyl]methyl-
sulfamoyl]phenyl (6; PD-115199)Ua,u or 4-[[(2-amino-
ethyl)amino]carbonyl]methoxy]phenyl (7; XAC)12 into the 
8-position potently enhanced the affinity at A: and A2 
receptors. This observation suggests that a different 
pocket from that recognized by 8-cycloalkyl substituents 
exists in Ax and A2 receptors. The present study describes 
a potent and selective adenosine A2 antagonist, a series of 
(£)-l,3-dialkyl-7-methyl-8-styrylxanthine derivatives which 
contains a new hydrophobic moiety at the 8-position. 

The potency of the xanthine derivatives at adenosine 
A1 and A2 receptors was determined by standard radio­

ligand binding procedures. Adenosine Ax binding was 
performed with iV^HJcyclohexyladenosine binding in 
guinea pig forebrain membranes18 which is the most similar 
to that in man.19 A2 receptor binding was performed with 
iV-[3H]ethyladenosin-5'-uronamide ([3H]NECA) in rat 

(18) Bruns, R. F.; Daly, J. W.; Snyder, S. H. Adenosine Receptors 
in Brain Membranes: Binding of N^-CyclohexylpHJadenosine 
and l,3-Diethyl-8-[3H]phenylxanthine. Proc. Natl. Acad. Sci. 
U.S.A. 1980, 77, 5547-5551. 

(19) (a) Ferkany, J. W.; Valentine, H. L.; Stone, G. A.; Williams, M. 
Adenosine At Receptors in Mammalian Brain: Species Dif­
ferences in Their Interactions with Agonists and Antagonists. 
Drug. Dev. Res. 1986, 9, 85-93. (b) Ukena, D.; Jacobson, K. 
A.; Padgett, W. L.; Ayala, C; Shamim, M. T.; Kirk, K. L.; 
Olsson, R. A.; Daly, J. W. Species Differences in Structure-
Activity Relationships of Adenosine Agonists and Xanthine 
Antagonists at Brain A: Adenosine Receptors. FEBS Lett. 
1986,209,122-128. (c) Stone, G. A.; Jarvis, M. F.; Sills, M. A.; 
Weeks, B.; Snowhill, E. W.; Williams, M. Species Differences 
in High-Affinity Adenosine A2 Binding Sites in Striatal Mem­
branes from Mammalian Brain. Drug Dev. Res. 1988, 75, 
31-46. 
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Table II. At and A2 Adenosine Receptor Binding of CE)-8-Styryl-l,3-dipropylxanthines 

irV-% 
T 
C3H7 

no. 
10 

11 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 

R7 

H 

methyl 
H 
methyl 
H 
methyl 
H 
methyl 
H 
methyl 
H 
methyl 

Ar 
phenyl 

phenyl 
4-methoxyphenyl 
4-methoxyphenyl 
3,4-dimethoxyphenyl 
3,4-dimethoxyphenyl 
3,4,5-trimethoxyphenyl 
3,4,5-trimethoxyphenyl 
4-chlorophenyl 
4-chlorophenyl 
3,4-dichlorophenyl 
3,4-dicnlorophenyl 

Kv° nM 

K 
1800 ± 750 
(22.2)" 
720 ± 340 
>100000 
1400 ± 860 
1700 
1500 ± 780 
850 ± 420 
2100 ±800 
>100000 
>10000 
>100000 
>100000 

A2 

26 ± 4.5 
(85.1)4 

15 ± 5.9 
110 
18 ± 6.3 
6700 
7.8 ± 2.7 
17 ± 1.0 
14 ± 2.6 
>100000 
49 
>100000 
7500 

Ki ratio 
Ai/A2 

69 

15 

78 
0.25 
190 
50 
150 

" See footnote a in Table I. b See footnotes b and c in Table 1. 

fi R 

> - « • 

R' R! 

1 

2 

3 

4 

S 

6 

7 

methyl 

methyl 

propyl 

propyl 

propyl 

propyl 

propyl 

methyl 

methyl 

propyl 

propyl 

propyl 

propyl 

propyl 

H 

methyl 

H 

H 

H 

H 

H 

H 

H 

H 

cyclopentyl 

3-noradamantyl 

— ^ ^—SOJN(CHJ)CH,CH,N(CH,), 

— ^ \— OCHjCONHCH,CHjNH, 

Figure 1. Chemical structures of reference compounds. 

striatal membranes.8 Table I shows a series of 1,3-di-
propylxanthines containing various hydrophobic substit-
uents at the 8-position with K{ values. (£)-Styryl sub­
stitution (10) had about 100-fold higher affinity at the A2 
receptor than a parent compound (3) and resulted in high 
A2 selectivity (69-fold). 2-Phenylethyl (8) or (E)-cinnamyl 
(14) substitution did not cause such enhancement of af­
finity at the A2 receptor. Incorporation of methyl group 
into the vinylene group (12) caused reduction of affinity 
at Aj and A2 receptors. Therefore the vinylene group 
between the xanthine and the phenyl group seemed to play 
an important role for the receptor interactions. 

7-Methyl substitution did not alter the affinity at At and 
A2 receptors in 8-(2-phenylethyl)-, CE)-styryl-, and (£)-
cinnamylxanthines (compare 9,11,13, and 15 with 8,10, 
12, and 14). In contrast to this observation, introduction 
of methyl group into the 7-position of 8-(2-cyclopentyl-
ethyl)- or 8-cyclopentyl-substituted xanthine resulted in 
the decreased affinity at the A2 receptor (compare 17 and 
18 with 16 and 4). Consequently, the electrostatic effects 
of the styryl or cinnamyl group appeared to be more fa­
vorable for their interactions with the A2 receptor than 
those of the cyclopentyl group. 

The activity of compound 18 at the A2 receptor was 
lower than the reported activity in Shamim's work.130 This 

discrepancy seems to be arisen from the different assay 
system. They used inhibitory activity of NECA-elicited 
stimulation of adenylate cyclase (human platelet mem­
branes) as evaluation of affinity at the A2 receptor. 

Since (£)-8-styrylxanthines (10 and 11) were selective 
and potent A2 antagonists, the effects of substituents in 
the styryl phenyl group on affinity at the A2 receptor were 
examined (Table II). Introduction of chloro or methoxy 
substituents into the phenyl group of (E)-l,3-dipropyl-8-
styrylxanthine (10) resulted in the decreased activity to 
Aj and A2 receptors (compare 19,21,25, and 27 with 10) 
except for a (£)-3,4,5-trimethoxystyryl derivative (23). On 
the other hand, introduction of two or three methoxy 
groups into the styryl phenyl group of (£)-l,3-dipropyl-
7-methyl-8-styrylxanthine (11) enhanced the A2 selectivity 
(compare 22 and 24 and 11). In contrast to the result in 
Table I, 7-methyl substitution in these derivatives in­
creased the A2 selectivity (compare 19,21,25, and 27 with 
20, 22, 26, and 28). Compound 10 snowed a big species 
difference in A, receptor binding (rat cortical membrane, 
K{ = 22.2 nM;1™ guinea pig forebrain membrane, K{ = 1800 
nM). Thus the A: binding of several compounds was 
carried out with [3H]CHA using rat forebrain membranes 
as described before.7,16* K{ values of compound 10,11,20, 
22, and 24 were 35 ± 1.0, 220 ± 78, 340 ± 46, 430 ± 150, 
and 1100 ± 380 nM, respectively. These compounds are 
about 2-4-fold more potent at the Ax receptor in rat brain 
than in guinea pig brain except 10. We need more studies 
in order to explain an exceptionally big species difference 
of 10 in A1 receptor binding. 

Since CE)-3,4,5-trimethoxystyryl substitution at the 8-
position appeared to enhance the affinity at the A2 receptor 
in general, the effects of other substituent at the 1- and 
3-position were examined (Table III). Compound 31 was 
less active than compound 23. Thus alkyl substitution at 
the 1-position was important for affinity at the A2 receptor. 
Introduction of the methyl group into the 7-position of 
(2J)-8-(3,4,5-trimethoxystyryl)xanthines enhances the A2 
selectivity in general (compare 29, 23, 32, and 34 with 30, 
24,33, and 35). Methyl or allyl substitution at the 1- and 
3-position was less active at the Ax receptor (29,30,34, and 
35). No apparent differences in the affinity at the A2 
receptor were observed among these l,3-disut>stituted-7-
methylxanthine derivatives (30,24,33, and 35). This result 
is greatly contrasting with that of 1,3-disubstituted 8-alkyl-
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Table III. A, 

no. 
29» 
30* 
23 
24 
31 
32 
33 
34 
35 

and A2 Adenosine Receptor Binding of (J5)-8-(3,4,5-Trimethoxystyryl)xanthines 

" See footnote a in 

(A) Blood 

R1 

methyl 
methyl 
propyl 
propyl 
H 
butyl 
butyl 
allyl 
allyl 

R3 

methyl 
methyl 
propyl 
propyl 
propyl 
butyl 
butyl 
allyl 
allyl 

M R 

R3 

R7 

H 
methyl 
H 
methyl 
H 
H 
methyl 
H 
methyl 

Table I. 'Prepared by published procedures.22 

Pressure 

V 

1 

OMe 

- Q - O M . 

OMe 

K„a nM 

A, 
>100000 
>100000 
850 ± 420 
2100 ±800 
820 
1400 
2300 
>100000 
>100000 

lilitv of 22 is unfortur 

A2 

71 ± 8.2 
18 ± 4.2 
17 ± 1.0 
14 ± 2.6 
2200 
93 
52 
47 
15 ± 8.6 

latelv verv DO 

KJ ratio 
Ai/A, 
>1100 
>5600 
50 
150 
0.37 
15 
44 
>2100 
>6700 

or (<10 ue/mL) hut 

8 50 

^ ""r~~ 

"X. 
"X 

—-o~~ Control 

t — • — Thoophyllln* 
K . — • — Compound 22 

10 100 

NECA (na/kg) 
1000 

(B) Heart Rate 

10 100 1000 
NECA (ng/kg) 

Figure 2. Effect of compound 22 on NECA-induced (A) hypo­
tensive and (B) bradycardic responses in anesthetized rats. The 
dotted line shows the effects of NECA. Compound 22 or theo­
phylline was suspended with 0.3% Tween 80 and administered 
orally at the dose of 30 mg/kg. One hour later, increasing doses 
of NECA were given intravenously and the changes in diastolic 
blood pressure and heart rate were recorded. Data are expressed 
as the mean ± SEM (n = 6-10). 

or 8-polycycloalkylxanthine derivatives in Ax receptor 
binding where 1,3-disubstituents dramatically influenced 
affinity at the Aj receptor and its selectivity as previously 
described.17 

We then examined the biological activity of the most 
potent A2 antagonist 22 in vivo. As shown in Figure 2, 
NECA caused a dose-dependent decrease in heart rate and 
in blood pressure in the anesthetized rats.23 Water solu-

(20) Cheng, Y. C; Prusoff, W. H. Relationship between the Inhib­
ition Constant (K,) and the Concentration of Inhibitor which 
Causes 50% Inhibition {l^,) of an Enzymatic Reaction. Bio-
chem. Pharmacol. 1973, 22, 3099-3108. 

ethanol dissolves it to some extent (0.7 mg/mL). Thus 22 
was orally administered in 0.3% Tween suspension. 
Compound 22 produced a much larger rightward shift of 
the NECA dose-response curve for blood pressure than 
for heart rate at the dose of 30 mg/kg. By contrast, 
theophylline, a nonselective antagonist, produced equiv­
alent rightward shifts in the two dose-response curves. 
Adenosine is supposed to reduce heart rate via an effect 
on the A! receptor and blood pressure via the A2 receptor.23 

Thus 22 was also identified to be a selective adenosine A2 
antagonist in vivo. 

In conclusion, introduction of the (£)-3,4-dimethoxy-
styryl or (£)-3,4,5-trimethoxystyryl group into the 8-pos-
ition of l,3-dialkyl-7-methylxanthines enhanced the A2 
antagonism.21 The pharmacological activity of these A2 
antagonists will be reported in due course. 
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